Summary. Monomeric methyl methacrylate resin, supplemented with 1.0% benzoyl peroxide and 1.0% N, N-dimethyaniline, enables good vascular casts useful for scanning electron microscopy when the injected organs or tissues are promptly heated in a microwave processor. The details of this vascular casting and scanning method are described with a clear demonstration of the rat pancreatic blood vascular bed, in particular, its intralobular, extralobular and translobular insulo-acinar portal systems and other vascular routes, including the insulo-venous vessels, which are sinusoidal in nature.
Scanning electron microscopy of cast samples allows a three-dimensional visualization of vascular and other tubular systems in various organs and tissues (MURAKAMI, 1971; NOWELL and LOHSE, 1974; HODDE and NOWELL, 1980; MURAKAMI et al., 1984; CHRISTOF-FERSON and NILSSON, 1987; LAMETSCHWANDTNER and LAMETSCHWANDTNER, 1992; OHTANI and MURA-KAMI,1992; YAMAMOTO et al., 1992) . Many casting or injection media (polyester, latex, rubber) are commercially available for this purpose (NoWELL and LOHSE, 1974; HODDE and NOWELL, 1980; LAMETSCH-WANDTNER and LAMETSCHWANDTNER, 1992; OHTANI and MURAKAMI, 1992) . We, however, usually use the laboratory-prepared or semipolymerized methacrylate mixtures (MURAKAMI, 1971; MURAKAMI et al., 1973; OHTANI and MURAKAMI, 1992) , because they are less viscous and more easily injected into the minute vessels. Recently, we have found that a monomeric or non-semipolymerized methacrylate resin with much less viscosity can be used as a casting medium when it is promptly hardened (heated) in a microwave processor after injection. The application of this technique to the SEM study of the blood vascular system of the rat pancreas is described.
MATERIALS AND METHODS

Methyl methacrylate
monomer (Katayama Chemicals Ltd., Osaka, Japan) was supplemented with 1.0% benzoyl peroxide (w/v) (catalyst) (Katayama Chemicals Ltd.) and 1.0% N, N-dimethylaniline (v/v) (accelerator) (Katayama Chemicals Ltd.) prior to injection (see below). This mixture shall be referred to as the injection medium.
Adult rats were anesthetized with ethyl ether. The right cardiac atrium was incised, and the thoracic aorta was cannulated. After this treatment, the animals were thoroughly perfused through the aorta with physiological saline and 2% glutaraldehyde in 0.1M phosphate buffer (pH 7.2). Immediately after the perfusion-fixation, the above-described injection medium was infused via a syringe into the aorta at an injection pressure of 50-60mmHg until the inferior vena cava was filled (2-3min).
The injected animals were then immersed in a distilled-water bath, placed in a microwave processor (H 2500, Bio-Rad Laboratories, Cambridge, Massachusetts, U. S. A.), and heated in this processor (50-This work was supported in part by a grant (03670010) from the Ministry of Education, Science and Culture, Japan. 233 60C, 2,000-2,200 MHz, 500-550 W) for 10 min or longer. After this, the pancreas and other abdominal organs were isolated.
The isolated abdominal organs were further immersed in a hot water bath (50-60C) for 30-60 min. They were then digested with 10% NaOH or KOH (50-60C) overnight, and washed under a water tap for 8h or longer to remove the corroded tissue elements. The blood vascular casts thus prepared were air-dried, dissected with sharpened forceps or needles under a binocular light microscope, exposed to vaporized osmium tetroxide or coated with gold (MURA-KAMI et al., 1973) , and observed with a scanning electron microscope (S 2300, Hitachi, Japan) using an acceleration voltage of 5kV. Prior to drying, some casts were frozen with water and cut with razor blades.
RESULTS AND DISCUSSION
The monomeric methyl methacrylate supplemented with 1.0% benzoyl peroxide and 1.0% N, N-dimethylaniline was as viscous as water. It slowly polymerized at room temperature, while it rapidly polymerized in a microwave processor. It took 90min or longer to completely polymerize at room temperature (20-22C) but about 10min to completely polymerize in the microwave processor (60C).
This low-viscosity monomeric methyl methacrylate medium was easily injected into the perfusion-fixed vascular plexuses as well as their afferent and efferent vessels. The resin was sufficiently hardened in these plexuses and vessels when the injected animals or organs were promptly heated up to 60C in a microwave processor (using 2,000-2,200MHz and 500-550W) and kept at 60C in the microwave processor (using the same MHz and W) for 10 min or longer. Additional or successive warming of the injected animals or organs in a hot water bath (see above) was not always necessary in casting the rat pancreas and other abdominal organs when the heating in the microwave processor (see above) was sufficiently long (more strictly, 10 min or longer).
The vascular casts thus prepared sufficiently withstood the NaOH or KOH treatment, and showed few deformations during air-drying and conductive treatments, including exposure to osmium vapor. The casts were also suitable for dissection: the frozen casts were easily cut with razor blades, while the dried casts were appropriately brittle and easily dissected with sharpened needles or forceps.
The technique presented here is thus quite useful for the thorough casting of the rat abdominal blood vascular beds (Fig. 1) , and also for detailed study of the fine vascular arrangements of these beds with the scanning electron microscope (Figs. 2-5 ). As shown in Figures 2-5 , the complicated and delicate vascular plexuses of the pancreatic endocrine islets, exocrine lobules and excretory ducts were sufficiently reproduced. Leakage of resin from the injected vessels was rare (Figs. 3-5) . Discontinuities of the injected vessels caused by an incomplete filling of resin were also rare (Fig. 3) . These results indicate that our technique is widely applicable for the investigation of delicate vascular systems in other organs and tissues of various animals. In fact, our recent studies have confirmed that the technique is compatible with our previously modified one (MURAKAMI et al., 1984) and useful even for casting the bile canaliculi of human liver biopsy samples. Scanning electron micrographs of cast samples in this paper confirm that many exocrine lobules contain no islet (Figs. 2, 3) , and that the blood vascular plexuses of the exocrine lobules, excretory ducts and endocrine islets are fairly independent (Figs. 3, Inset  A, 4) . The micrographs also show that endocrine islets can be classified into three types, according to their intralobular, interlobular (extralobular) and periductal positions (Figs. 2-5) . The micrographs further show that the interlobular or periductal islets issue so-called insulo-venous vessels draining into the interlobular or periductal veins (Fig. 3 Inset C) . They also occasionally issue the extralobular insulo-acinar portal vessels draining into the lobular capillaries of the adjacent lobule or lobules (Figs. 4, 5) . The micrographs, moreover, show that the intralobular islets issue the intralobular insulo-acinar portal vessels in addition to the so-called insulo-venous vessels (Fig. 3) , and that the intralobular insulo-acinar portal vessels can run as translobular insulo-acinar portal vessels into the adjacent lobule or lobules (Fig. 3 Inset B) . The micrographs, furthermore, indicate that the insulo-afferent vessels continue into the inner conglomerated sinusoidal plexus of the insulo-vascular complex, and that the insulo-efferent (insulo-acinar or insulo-venous, see above) vessels usually arise from the outer thin capillary network of the insulo-vascular complex. These data were not always clearly shown in earlier studies (FUJITA and MURAKAMI, 1973; OHTANI and FUJITA, 1980; BONNER-WEIR and ORCI, 1982; OHTANI, 1983 OHTANI, , 1988 OHTANI et. al., 1986) . Some of these findings are illustrated and discussed briefly in the legend for Fig. 3 . veins (lv). The lobule EL4 thus receives a complex blood supply via the lobular arteries (la), insulo-acinar portal vessels (ip) and insulo-venous vessels (iv). Inset A shows two lobular networks (EL5, EL6) isolated together with their connecting ductal plexus (ed). The EL5 lobule contains an intralobular islet (II). The ductal plexus (ed) receives two original plexuses (thick and thin arrowheads) which consist of fine and coarse tubular networks continuous with the respective lobular capillary plexuses (EL5, EL6). Inset B shows a rare translobular insulo-acinal portar vessel (tp), which arises from an intralobular islet (II) in the EL7 lobule and runs into EL8 and EL9 lobules. Inset C shows a periductal islet (PI) associated with an excretory duct (ED). The afferent artery (ia) runs deep into the islet to continue to the inner conglomeration of sinusoidal capillaries; the efferent vessels (ev) arise from the other layer of thin capillaries to continue to the interlobular or periductal veins (V). X 200, Inset A: x 65, B: x 175, C: x 145
